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INTRODUCTION
Although recent conventional hearing devices have improved 
technically, there are still restraints avoid satisfactory fittings. The 
limitations may include sound distortion, irritation of the ear ca-
nal by ear-mold or tubing, acoustic feedback, occlusion and dis-
comfort due to plugging up of the ear by the device. 
  The percutaneous Bone Anchored Hearing Aid (BAHA) first 
introduced in 1977 is an excellent alternative hearing prosthesis 
for patients who cannot wear a conventional external hearing 
device (1). The BAHA hearing system conducts sound directly 
to the functioning cochlea, bypassing the ear canal and the mid-
dle ear system. This allows the cochlea to be stimulated while 
maintaining ventilation of the external and middle ear system. 
Over the past decades, the outcomes of BAHA on patients with 
mixed hearing loss (MHL) have been positively reported world-
wide (2-4). However, disadvantages of the BAHA hearing sys-
tem include risk of adverse skin reaction, risk of poor osseo-in-
tegration, consistent maintenance and care of the abutment area. 
  The Vibrant Soundbridge (VSB) manufactured by MED-EL 
(Innsbruck, Austria) is a partly implantable hearing aid that be-
came available in 2007. The VSB is another feasible rehabilita-
tion option for adults with mixed hearing loss who cannot be 
fitted with a conventional external hearing aid. Studies results 
Objectives. To investigate the aided benefits, speech recognition in quiet and in noise, change in hearing and subjective re-
port of satisfaction on mixed hearing loss adults implanted with Vibrant Soundbridge (VSB) middle ear implant. 
Methods. Eight Cantonese speaking adult patients with mixed hearing loss were enrolled in a single-subject, repeated mea-
sures prospective study design. Audiometric testing, including air and bone conduction and word recognition under 
sound-field were conducted before surgery. Device activation was arranged 8 weeks after operation. Audiometric test-
ing was taken to evaluate the change in hearing. Patients were asked to wear the device and come back for fine tun-
ing as needed. Outcome measurements were undertaken at 3 and 6 months after device activation. The outcome mea-
sures included sound-field thresholds, Cantonese Hearing in Noise Test (CHINT), Abbreviated Profile of Hearing Aid 
Benefit (APHAB) and International Outcome Inventory for Hearing Aids (IOI-HA).
Results. The application of the VSB improved the aided thresholds and improved speech intelligibility in quiet and noise 
without significant changes in hearing thresholds. 
Conclusion. VSB is considered as a safe, effective and reliable auditory rehabilitation option for Cantonese speaking adults 
with mixed hearing loss.
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supported that VSB was a promising alternative for this group of 
patients (5, 6) However, no previous study has evaluated the ef-
ficacy of the VSB on the Chinese population, who speak in tonal 
language such as Cantonese. The applicability of VSB for this 
population is important to know, as Cantonese is the 16th most 
commonly spoken language in the world (7). Current available 
results from non-Cantonese speaking subjects may not be appli-
cable to patients who speak in a tonal language such as Canton-
ese. The aim of the present study was to evaluate the efficacy 
and benefits of VSB in Cantonese speaking adults with mixed 
hearing loss. 
MATERIALS AND METHODS
Subjects
Between June 2010 and February 2011, eight adult patients with 
mixed hearing loss were implanted with the VSB middle ear im-
plant at the Prince of Wales Hospital, Hong Kong Special Admin-
istrative Region of China. Selection criteria for patients used are 
listed in the Appendix. The eight patients were three males and 
five females with range from 18 to 70 years (mean±SD, 52.7±
17.5 years). The average air conduction and bone conduction 
hearing thresholds across the implanted side at 500 Hz, 1 kHz, 
2 kHz, and 4 kHz were 71 dBHL and 39 dBHL respectively. Six 
patients were experienced hearing aid users with an average 
hearing aid experience of 5.3±3.0 years. Five and three patients 
received left ear and right ear implants, respectively. The floating 
mass traducer (FMT) was coupled on the round window vibro-
plasty for six patients and was clipped on the stapes for two pa-
tients. The demographics and pathologic cause are listed in Table 1. 
Ethics approval 
The investigational plan was approved by the local ethics com-
mittee (Ref No, CRE-2009.252). Informed consent was obtained 
from the patients and the principles outlined in the Declaration 
of Helsinki were followed. 
Study design and statistical analyses
Each subject served as his/ her own control in this prospective, 
single subject repeated measures study design. Wilcoxon matched-
pairs signed-ranks test was used to test for significant differences 
at the 0.05 level on pre- and post bone conduction thresholds, 
sound field thresholds, speech reception thresholds (SRT) both 
in quiet and in noise prior to the operation, and 3 months and 6 
months after device activation. In this paper, the preoperative   
data and 3 months and 6 months post-fitting interval data was 
used for statistical analyses. 
Equipment 
VSB middle ear implant
The system comprised of two parts, the external audio proces-
sor (AP) and an internal Vibrating Ossicular Prosthesis (VORP), 
which together convert sound in the environment into a vibra-
tory signal delivered to the inner ear. The AP contains a micro-
phone, which picks up sound and speech from the environment 
and converts it into a signal that can be transmitted across the 
skin to be received by the implanted internal receiver of the 
VSB. The implantable part consists of an internal coil, a magnet 
to hold the audio processor over the implant, a demodulator, a 
conductor link and a FMT. The FMT can be coupled to either 
the ossicular bones or to the round window. 
Procedure
Preoperative assessment 
Preoperatively, all subjects underwent comprehensive audiologi-
cal and medical evaluations, including pure tone audiometry, 
sound field audiometry (with warble tones), speech audiometry, 
computed tomography of temporal bones and magnetic reso-
nance imaging. All audiometric testing was performed in a stan-
dard audiometric booth at the Audiology Centre of the Prince 
of Wales Hospital. Air conduction thresholds were obtained at 
0.25, 0.5, 1, 2, 4, and 8 kHz and bone conduction thresholds at 
0.5, 1, 2, and 4 kHz. Speech recognition in quiet and in noise 
was measured by the Cantonese Hearing in Noise Test (CHINT) 
(8). Unaided speech thresholds were evaluated in quiet in three 
Table 1. Patient demographics 
Subject Gender/age Diagnosis
Previous HA 
users
AC f4 
(dBHL)
BC f4 
(dBHL)
Implant ear Surgical approach
1 F/60 CSOM Yes 65 35 Right RW vibroplasty
2 F/52 Bilateral ear infection Yes 80 45 Left RW vibroplasty
3 M/70 Bilateral cholesteatoma, post mastoidectomy Yes 85 43 Left RW vibroplasty
4 M/68 Left attic retraction Yes 52 28 Left RW vibroplasty
5 M/61 Right ear post mastoidectomy Yes 87 48 Right RW vibroplasty
6 F/18 Left hearing loss since 1 year old No 74 33 Left RW vibroplasty
7 F/56 Recurrent right ear infection Yes 68 43 Right Stapes coupling
8 F/36 CSOM related MHL, failed ossiculoplasty No 55 35 Left Stapes coupling
CSOM, chronic suppurative otitis media; AC f4, air conduction average hearing thresholds at four frequencies included 500 Hz, 1 kHz, 2 kHz, and 4 kHz; 
BC f4, bone conduction average hearing thresholds at four frequencies included 500 Hz, 1 kHz, 2 kHz, and 4 kHz; RW vibroplasty, round window vibro-
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conditions: speech front (SF), speech implant side or speech ip-
silateral (SI) and speech at non-implant side or speech contralat-
eral (SC). The speech tests were also evaluated at a fixed level of 
65 dB (A) of noise in three different noise conditions. The 
speech signal was always presented from the front (0
0 azimuths). 
The noise was presented either in the front (NF), or from the im-
plant side or noise ipsilateral (NI) or noise from the non-implant 
side or noise contralateral (NC). If a patient had better hearing 
in the non-implant ear, the non-implant ear would be occluded 
during testing to minimize the involvement of the non-test ear 
via air conduction. The equipment used included the GSI clini-
cal audiometer (Grason-Stadler, Eden Prairie, MN, USA) with 
telephonic headphones and the Maico HINT system (the non-
test ear via air conduction). The equipment used included the 
GSI clinical audiometer. During sound field testing and the 
speech testing, the subjects were positioned one meter away 
from the speaker. Apart from above measures, all subjects who 
were hearing aid users were also asked to fill in the Chinese ver-
sion of the Abbreviated Profile of Hearing Aid Benefit (APHAB-
CH) and the International Outcome Inventory of Hearing Aid 
(IOI-HA) to compare the performance between hearing aid and 
VSB. 
APHAB-CH
The APHAB-CH is a Chinese self assessment inventory first de-
scribed in 1995 to evaluate the disability associated with hear-
ing loss and the reduction of the disability with amplification (9). 
The validated Chinese version of APHAB was used in the pres-
ent study (10). The APHAB comprises 24 items in four subscales: 
ease of communication (EC), background noise (BN), reverbera-
tion (RV) and aversiveness of sound (AV). All items are statements 
about communication difficulties in daily life and respondents 
are asked to indicate their agreement with each statement on a 
seven-point scale. The mean rating for the six items in each sub-
scale constitutes the subscale score, and the global APHAB score 
is computed by taking the mean of EC, BN, and RV subscales. 
Subjects were asked to complete the inventory at baseline, be-
fore implantation based on their experience with their hearing 
aid if any and then after 3 months and 6 months of use of the 
VSB. 
IOI-HA-Chinese version
IOI-HA is a brief seven-item questionnaire designed to evaluate 
the effectiveness of hearing aid treatment in everyday life. The 
aspects examined are: 1) hearing aid use (Use), 2) benefit (Ben), 
3) residual limitation in activity (RAL), 4) satisfaction (Sat), 5) 
residual participation restriction (RPR), 6) impact on others (Ioth) 
and 7) quality of life (QoL). The validated Chinese version of 
the IOI-HA was used in the present study (11). The IOI-HA 
questionnaire involved the performance rating on a five-point 
scale. 
Operation
Vibroplasty technique
This approach is suitable for patients without a working ossicu-
lar chain. We performed the operation under general anesthesia 
with facial nerve monitoring. Post-auricular incision was em-
ployed. For patients with wall-down mastoidectomy done be-
fore the surgery, we carefully elevated the meatal flap and ex-
posed the round window by adequate inferior canal drilling. For 
patients without wall-down mastoidectomy done before the sur-
gery, we approached the round window by posterior tympanot-
omy approach as stated above. When the round window niche 
was identified, the overhanging bony lip of the round window 
niche was removed by drilling. A small bony well was drilled at 
the hypotympanium region next to the round window area to 
harbor the FMT. A layer of perichondium was placed on the 
round window membrane, then the FMT was placed on the 
perichondrium and coupling with the round window. The cou-
pling system was stabilized by addition perichondrium packing 
around the FMT. The VORP was fixed into the bony well created 
in the temporal region by non-absorbable stitches.
Stapes coupling technique
This approach is suitable for patients with functioning stapes and 
the anatomy of stapes allows a safe and stable coupling. We per-
formed the surgery under general anaesthesia via the posterior 
tympanotomy approach. Left cortical mastoidectomy was first 
performed. The facial recess was opened with preservation of 
chorda tympani and facial nerve. Intra-operation facial nerve 
monitoring was needed throughout the drilling to prevent facial 
nerve injury. The facial recess was gradually enlarged by a dia-
mond burr until the whole stapes suprastructure and the round 
window niche were visible. The tympanic membrane was kept 
intact throughout the surgery. Copious irrigation was needed to 
remove the retained blood clot and bone dust. The normal mo-
bility of stapes was confirmed with the gentle needle palpation 
and the presence of round window reflex. The claw of the FMT 
was fashioned so as to allow secure crimpling onto the stapes 
head. The stability of the whole FMT-stapes system was confirmed 
with gentle needle palpation. VORP was fixed into the bony 
well created in the temporal region by non-absorbable stitches.
  For both surgical techniques, intraoperative electrocochleog-
raphy (ECochG) was performed using a GSI Audera evoked po-
tential system (Grason-Stadler). Electrodes were placed on the 
promontory and measurements were performed before closing 
up. Alternating tone pips at 2 kHz were delivered to the implant 
via a custom-made audio processor. A series of ECochG was 
measured to ensure that the ECochG threshold was matched 
with the subject’s pure tone bone-conduction threshold at 2 
kHz. 
  The average surgery time for each patient was 3.3 hours (200±
63.4 minutes). There were no intra-operative and postoperative 
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was activated 8 weeks after surgery and the Amade audio proces-
sor (MED-EL) was programmed with CONNEXX 6.1.1 software 
equipped with the Symfit database Rev. 5.0. The default Desired 
Sensation Level (DSL) amplification strategy was applied during 
first fit and the patients returned for a review and fine-tune 
twice at 2 week intervals until the most comfortable self-evalu-
ated listening level was reported by the patients. 
Postoperative assessment 
Three months and 6 months after activation of the implant, pa-
tients were asked to come back for postoperative assessment. 
They underwent pure tone audiometry, sound field testing and 
CHINT testing with the device turned on. The same test equip-
ment and materials as those employed in the preoperative as-
sessment were used during testing. 
RESULTS
Pre- and postoperative bone conduction thresholds 
Preoperative mean bone conduction thresholds at 0.5, 1 and 2 
kHz were 27.5 dB. Postoperative mean bone conduction and 
bone conduction thresholds evaluated at 3 months and 6 months 
after activation of the implant were 26.3 dB and 30.6 dB, respec-
tively (Fig. 1). The preoperative and postoperative bone conduc-
tion thresholds are shown in Fig. 1. There was no obvious change 
in any frequency. 
Drop out case
Subject 2 suddenly experienced no sound from the VSB 2 months 
after activation of the implant. The Amade audio processor was 
checked and confirmed to be functioning properly. An indirect 
Vibrogram test and reverse transfer function (RTF) were carried 
out. The results were not conclusive and a revision surgery is un-
der consideration to examine the positioning of the FMT. Thus, 
the results of seven patients are presented hereafter.
Functional gain improvement 
Fig. 2 shows the functional gain at the frequencies 250 Hz to 8 
kHz. The functional gain produced by the VSB was determined 
by differences of the aided thresholds (VSB on) and the unaided 
thresholds (VSB off) obtained in the sound field with warble 
tones. The non-implant side was plugged and muffed during 
testing. The average functional gain at 0.5, 1, and 2 kHz were 
both about 11 dB evaluated at 3 and 6 months after activation 
of the implant. 
Speech reception threshold (SRT) in quiet 
Table 2 represented the SRTs of the adults in quiet when the 
speech presented in front, implant side and non-implant side. A 
decrease in SRT reflected an improvement in speech recognition 
and was defined as a positive outcome. As shown in Table 2, the 
use of VSB evaluated at 3 months and 6 months after implant 
activation produced a significant improvement of over 10 dB on 
speech recognition thresholds in quiet at different speech loca-
tions when compared with unaided conditions (Table 2). How-
Fig. 2. Pre and postoperative sound field thresholds for seven mixed 
hearing loss patients. Triangle, unaided sound field thresholds; circle, 
aided sound field thresholds evaluated at 3 months after activation 
of the implant; square, aided sound field thresholds evaluated at 6 
months after activation of the implant. SF, speech front. 
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Table 2. Average speech reception thresholds in quiet in adults 
(n=7) in the unaided and aided VSB conditions (unaided minus aid-
ed VSB is denoted as change)
SF P-value SI P-value SC P-value
Unaided 57.5 - 56.8 - 55.2 -
Aided at 3 months  43.6 0.018* 42.6 0.028* 45.0 0.028*
Aided at 6 months  44.2 0.028* 44.8 0.028* 45.0 0.028*
Wilcoxon matched-pairs signed-ranks test was used to test for significant 
differences at the 0.05 level on pre- and post speech reception thresholds 
(SRT) in quiet.
VSB, Vibrant Soundbridge; SF, speech front; SI, speech ipsilateral or on 
implant side; SC, speech contralateral or non-implant side.
*The change in SRT in quiet between unaided and aided 3 months and 
aided 6 months condition was statistically significant (P<0.05). 
Fig. 1. Pre and postoperative bone conduction thresholds of the adults 
with mixed hearing loss. Triangle, preoperative bone conduction 
thresholds; circle, postoperative bone conduction thresholds evalu-
ated at 3 months after activation of the implant; square, postopera-
tive bone conduction thresholds evaluated at 6 months after activa-
tion of the implant. BC, bone conduction; AC, air conduction.
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ever, the change in SRT at all conditions was all statistically not 
significant between aided at 3 months and aided at 6 months 
conditions.
Speech reception threshold (SRT) in noise
Fig. 3 summarizes data concerning SRT in noise, presented on 
the implant side and non-implant side, as signal-to-noise ratios 
(SNRs). The speech recognition in noise using the VSB was sig-
nificantly better in comparison to the unaided conditions at 
noise front and noise at non-implant side conditions in compari-
son to unaided mode (Wilcoxon signed rank test, P=0.028 at 3 
months and P=0.027 at 6 months). All subjects demonstrated 
an increase in speech understanding with the VSB, the SNR im-
provement of maximum 2.8 dB at noise front, 1.6 dB at noise 
ipsilateral and 7.1 dB at noise contralateral conditions evaluated 
6 months after device activation. 
APHAB
The average scores on the four domains (EC, BN, RV, and AV) 
for VSB are given in Fig. 4. The global score for the APHAB with 
hearing aid and VSB at 3 months and 6 months were 45%, 34%, 
and 36% respectively. The Wilcoxon signed rank test revealed 
statistically no significant difference between the results (Fig. 4). 
IOI-HA questionnaire 
For the seven IOI-HA questions, a score of five indicated the best 
result and a score of one indicated the worst. The group means 
score with the conventional hearing aid; VSB at 3 months and 
VSB at 6 months were 2.9, 3.7, and 3.9, respectively. However, 
the Wilcoxon signed rank test revealed statistically no significant 
difference between the results (Fig. 5). 
DISCUSSION
To our knowledge, this is the first report of application of middle 
ear implant on Chinese adults with mixed hearing loss in Asia. 
The purpose of the study was to evaluate the efficacy and bene-
fits of VSB case on Cantonese speaking mixed hearing loss adults. 
Preliminary data from the existing patients suggest that VSB is a 
safe and effective treatment option for adults with moderately 
severe mixed hearing loss etiologies. This was evident from the 
well-preserved hearing thresholds after the middle ear implant 
surgery and lack of intraoperative or postoperative complica-
tions. 
  From the surgical point of view, the round window vibroplas-
ty approach is the only solution for those patients without func-
tioning ossicles. This is especially common in patients with chron-
ic suppurative otitis media (CSOM) and post mastoidectomy. 
These disease-related hearing losses are extremely common in 
Hong Kong and Mainland China. The application of round win-
Fig. 3. CHINT results in noise for the seven mixed hearing loss adults 
evaluated at unaided, Vibrant Soundbridge (VSB) on at 3 months 
and 6 months intervals after activation of the implant. The smaller 
the speech reception thresholds (SRT) represented the better 
speech recognition performance. *The change in SRT in noise be-
tween unaided and aided 3 months and aided 6 months condition 
was statistically significant (P<0.05). 
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Fig. 4. Mean Abbreviated Profile of Hearing Aid Benefit (APHAB) 
scores and global score in the following subscales: ease of commu-
nication (EC), background noise (BN), reverberation (RV), and aver-
siveness of sound (AV) for unaided, aided with Vibrant Soundbridge 
(VSB) at 3 months and aided with VSB at 6 months.
Fig. 5. Mean score obtained with conventional hearing aid, Vibrant 
Soundbridge (VSB) at 3 months and VSB at 6 months for each Inter-
national Outcome Inventory for Hearing Aids (IOI-HA) item. Use, hear-
ing aid usage; Ben, benefit; Sat, satisfaction; RAL, residual activity 
limitation; Ioth, impact on others; QoL, quality of life. 
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dow vibroplasty in treating these patients has proven to be a 
cost effective and reliable option in addition to the traditional 
ossicular surgeries and amplification devices. Moreover, in se-
lected cases, coupling to the functioning and anatomically nor-
mal stapes is effective in providing adequate inner ear stimula-
tion. Intraoperation monitoring plays a vital role to ensure the 
correct FMT-stapes coupling. In a partial eroded stapes or angu-
lated stapes, round window placement will be the first choice.
  The performance of the VSB was evaluated by audibility, 
speech recognition in quiet and in noise and the subjective re-
ports from the subjects. Regarding audibility, VSB provided ap-
proximately a maximum 11 dB gain on average. If we take into 
account the preoperative hearing loss of approximately 70 dBHL, 
the 11 dB gain offered by VSB improves the perception of the 
conversational speech. Furthermore, the results indicate that the 
aided thresholds exceed the bone conduction thresholds by 15 
dB at 2 kHz, consistent with previous findings (12). This means 
that VSB is not only able to close up the air bone gap, but to 
provide additional amplification at this particular frequency. 
  Regarding the speech recognition score, the SRT in quiet was 
in general 10-14 dB better with the VSB application. The im-
provement in SRT in quiet is considered robust and significant 
in the present study. In terms of speech understanding in noise, 
all subjects demonstrated an increase in speech understanding 
with the VSB, the SNR improvement of maximum 2.8 dB at 
noise front, 1.6 dB at noise ipsilateral and 7.1 dB at noise con-
tralateral conditions. Clinically, the relationship between speech 
intelligibility and SNR is estimated to be 10% speech intelligi-
bility improvement for every 1 dB improvement of SNR, which 
equates to a 28%, 16%, and 71% speech intelligibly improve-
ment at noise front, noise ipsilateral and noise contralateral con-
ditions, respectively. Thus, the subjects benefit from additional 
speech understanding provided by VSB. 
  Regarding the self assessment questionnaires, as only five out 
of seven patients were previous hearing aid users, the reasons 
for the preference between hearing aid and VSB were elusive. 
Surprisingly, even though VSB demonstrated a significant speech 
intelligibility improvement compared with unaided condition, 
the subjects reported similar performance between VSB and 
their own hearing aid. Further research to compare the audio-
logical performance between hearing aid and VSB using more 
subjects is warranted. 
  To conclude, this is the first available data in Asia to investigate 
the efficacy of VSB on Cantonese speaking Chinese adults with 
mixed hearing loss. The present study results indicate that VSB is 
a safe and reliable auditory rehabilitation option for adults with 
mixed hearing loss etiologies. The audiological data demonstrat-
ed a significant speech intelligibility improvement of Cantonese 
tonal languages in both quiet and noise in seven out of eight pa-
tients (88%) with the VSB compared with preoperative unaided 
condition. Further research should heed the suggestion of Sterk-
er et al. (13) and identity the potential predicators that may af-
fect the satisfaction of the VSB for Chinese patients. 
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Appendix. Selection criteria 
1. Age 18 years or older.
2. Mixed hearing loss etiology. 
3.   Audiogram: Bone conduction thresholds no worse than 45 dB at 500 Hz, 50 dB at 1 kHz, 65 dB at 2 kHz and 65 dB at 4 kHz to the implant-
ed ear. 
4. Dissatisfied with or inability to tolerate wear conventional hearing aid for prolong period of time. 
5. Speech understanding > 50% on open set speech measures at conversational level with hearing aid in the sound field. 
6. If no hearing aid, speech understanding > 50% on open set speech measures at most comfortable listening level tested with headphones. 
7. Ear anatomy allows positioning of the transducer in contact with a suitable vibratory structure of the ear. 
8. Absence of active middle ear infection and or chronic fluid in the ear.
9. Stable bone conduction thresholds.
10. No skin condition preventing attachment of the audio processor.
11. Realistic expectation.
12. Absence of retrocochlear pathology and central auditory disorders.